The coexistence of hirsutism, oligoovulation, infertility and bilateral enlargement of the ovaries was first reported by Stein and Leventhal in 1935^([@CIT0001])^. This syndrome was even named by these two physicians for some time. The term *polycystic ovary syndrome* (PCOS) was first used in the 1960s and gradually replaced its former name (Stein--Leventhal syndrome). The detailed etiopathogenesis of PCOS has not been elucidated so far. However, the individual susceptibility probably depends on prenatal, genetic and environmental risk factors. This disease entity is primarily characterized by disrupted ovulation and hyperandrogenism, but the clinical picture can be diversified and symptom intensity can vary^([@CIT0002],\ [@CIT0003])^. This results from the fact that PCOS is modulated by multiple factors, such as: genetic factors, ethnic origin, nutrition and prenatal androgen exposure, insulin resistance in adolescence and/or more intense adrenarche and body mass changes^([@CIT0004]--[@CIT0006])^. Environmental factors, such as obesity, seem to exacerbate genetic predispositions. As for ethnic factors, hirsutism is more rarely observed in individuals of Asian origin (approximately 10%) compared with the Caucasian race (approximately 70%)^([@CIT0006])^.

Polycystic ovary syndrome is the most common endocrine disease in women of child-bearing age. The prevalence ranges from 9% when the NIH (National Institutes of Health) criteria are used to even 18% according to the guidelines of the Rotterdam consensus^([@CIT0002],\ [@CIT0003],\ [@CIT0007])^. Studies conducted among women with PCOS have revealed increased activity of cytochrome P450c17, which is a catalyst of a biochemical synthesis of ovarian and adrenal androgens, and is determined by CYP17 gene located on 10q24.3. It is unlikely, however, that a single gene is responsible for PCOS. It is probably associated with gene polymorphism that causes metabolic disorders. Chronic androgen hypersecretion by theca cells of the ovarian follicle can also be caused by increased luteinizing hormone (LH) pulse frequency and amplitude as well as increased insulin secretion determined by insulin resistance of tissues. Its etiology in women with PCOS is multi-factorial. The most important causes include: increased serine phosphorylation of insulin receptor, insulin receptor gene mutations, changes in nuclear gamma receptors: Pro12Ala polymorphism of the PPARG2 gene and GLUT4 glucose transporter defect in the adipose tissue^([@CIT0008])^. The influence of insulin on ovarian function is possible thanks to a large number of receptors for this hormone and structurally similar IGF-1 receptors in the region of the ovaries. Insulin induces hyperandrogenism by: increasing 17α-hydroxylase activity, decreasing aromatase activity, increasing LH secretion and decreasing the synthesis of sex hormone-binding globulin (SHBG) and insulin-like growth factor-binding protein (IGFBP)^([@CIT0009])^. The relevance of the morphological structure of female gonads in the diagnosis of polycystic ovary syndrome is a controversial issue. The first commonly acknowledged definition of PCOS diagnostic criteria, prepared during NIH consensus meeting in 1990, did not include the criterion concerning ovarian morphology. It was agreed then that PCOS can be diagnosed based on the presence of clinical and/or biochemical signs of hyperandrogenism as well as oligo- and anovulation^([@CIT0010])^. Ovarian morphology was included in the PCOS-defining criteria during the Rotterdam 2003 consensus by ESHRE/ASRM. At the same time, breakthrough publications in "Fertility and Sterility" and „Human Reproduction" included the new PCOS diagnostic recommendations^([@CIT0011],\ [@CIT0012])^. According to them, the diagnosis can be established when at least two of the three following criteria are present: clinical and/ or biochemical signs of hyperandrogenism, oligo- and anovulation and polycystic ovaries (PCO) observed in an ultrasound examination. The last criterion is determined by the presence of ≥12 follicles within the ovary with a diameter of 2--9 mm and/or ovarian volume ≥10 cm^3^. Such an ultrasound image in one gonad only is sufficient to define polycystic ovaries. The diagnosis can be established when other endocrine diseases, such as congenital adrenal hyperplasia, androgen-producing tumors or Cushing\'s syndrome, are ruled out^([@CIT0011])^. The Rotterdam consensus criteria were based on the results reported by the following authors: Pache et al., van Santbrink et al. and Jonard et al.^([@CIT0013]--[@CIT0015])^ In 2006, Androgen Excess and PCOS Society agreed that androgen excess is crucial in the pathogenesis of PCOS. They accepted this basic criterion as obligatory, with the following accompanying signs: oligo- and anovulation and/or polycystic ovaries observed in a US examination^([@CIT0016])^. The criteria described above are presented collectively in [Tab. 1](#T0001){ref-type="table"}. Before the year 2003, the most common PCO criteria were those described by Adams in 1986: 10 or more follicles with a diameter of 2--8 mm in a single section of an ovary, arranged either peripherally around the core of the stroma or scattered throughout the increased amount of ovarian stroma^([@CIT0017])^.

###### 

Diagnostic PCOS criteria

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  NIH 1990                                                                             Rotterdam 2003                                                                                      AE-PCOS Society 2006
  ------------------------------------------------------------------------------------ --------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------
  Chronic anovulationClinical and/or biochemical signs of hyperandrogenism\            Oligo- and/or anovulationClinical and/or biochemical signs of hyperandrogenismPolycystic ovaries\   Clinical and/or biochemical signs of hyperandrogenismOvarian dysfunction (oligo- and/ or anovulation) and/or polycystic ovaries\
  (Exclusion of other etiologies) Both criteria are necessary to establish diagnosis   (Exclusion of other etiologies) Two of three criteria are necessary to establish diagnosis          (Exclusion of other etiologies) Both criteria are necessary to establish diagnosis

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Excess of ovarian follicles -- a definition of polycystic ovarian morphology {#S0001}
============================================================================

The ultrasonographic assessment of the ovarian structure is associated with certain difficulties resulting from the size and shape of follicles, particularly the small ones with a diameter ≤2 mm or those adjacent to one another^([@CIT0018])^. Moreover, a cyst or cysts can be overlooked or measured twice, particularly during a real-time examination when cysts that have already been counted cannot be marked. To prevent it, Lujan et al. proposed a method for marking individual follicles using a medical grid system that divides ovaries into compartments thus facilitating the assessment of follicles within these compartments^([@CIT0019])^. This method is characterized by high reproducibility of counts when used by different examiners and during repeated examinations. Unfortunately, it can only be used offline, and therefore it is mainly applied in academic studies rather than in daily clinical practice. Counting follicles is also possible with a computer analysis of three-dimensional images. Imaging in three perpendicular planes enables simultaneous identification of a high number of ovarian follicles. Another method of calculating and assessing follicles is the system enabling three-dimensional reconstruction with marking fluid-filled spaces (e.g. VOCAL, SonoAVC). Thanks to this, follicle volume measurements are more accurate and the possibilities of differences between examiners are limited^([@CIT0020],\ [@CIT0021])^. However, this system requires the processing of numerous variables. That is why the reliability of results closely depends on the quality of images, and discrepancies between various imaging methods are particularly noticeable when one assesses multiple follicles (especially more than 15) or follicles \<5 mm in diameter^([@CIT0020],\ [@CIT0022])^. The available literature contains few reports on the comparison of gonad imaging in PCOS using two- and three-dimensional techniques. Deb et al. compared the assessment of ovarian follicles in patients with PCOS using the three-dimensional SonoAVC technique and two-dimensional sonography. They demonstrated that SonoAVC examinations are faster, but the number of visualized follicles is greater when the two-dimensional technique is used^([@CIT0020])^. Battaglia et al., however, report the lack of differences in the number of follicles in PCOS patients examined with these two methods^([@CIT0023])^.

With the development of sonographic techniques, one can observe the drive towards creating more and more exact definitions of the excess of ovarian follicles^([@CIT0017],\ [@CIT0024])^. In order to distinguish a group of women with PCO from among healthy individuals, it is proposed that the limit values for the number of ovarian follicles within one ovary should be specified. This, however is problematic. To achieve this, various methods are used based on clinical experience, ROC curve analysis or marking a border on the 95th percentile. The difficulties in the application of these methods are associated with varied intensity of clinical signs of polycystic ovary syndrome and the consequent selection of controls. [Tab. 2](#T0002){ref-type="table"} presents possible phenotypes of patients depending on the definition of PCOS diagnosis. In the paper published in 1986, Adams et al. proposed the first broadly adapted ultrasound criteria for the diagnosis of the polycystic ovarian structure using a transabdominal probe^([@CIT0017])^. As the scanning technique developed, transabdominal probes were replaced with transvaginal transducers of high frequency and resolution, which has enabled exceptionally accurate assessment of the ovarian structure. It has ensured better visualization, particularly of smaller ovarian follicles, and enabled more accurate assessment of their number within the entire ovary.

###### 

Potential PCOS phenotypes according to the criteria of NIH 1990, Rotterdam 2003, AE-PCOS Society 2006^[@CIT0025]^ (modified original table)

  Diagnostic criteria          Potential PCOS phenotypes                                           
  ---------------------------- --------------------------- ---- ---- ---- ---- ---- ---- ---- ---- ----
  Hyperandrogenemia            \+                          \+   \+   \+   \-   \-   \+   \-   \+   \-
  Hyperandrogenism             \+                          \+   \-   \-   \+   \+   \+   \+   \-   \-
  Oligoovulation anovulation   \+                          \+   \+   \+   \+   \+   \-   \-   \-   \+
  Polycystic ovaries           \+                          \-   \+   \-   \+   \-   \+   \+   \+   \+
                                                                                                   
  NIH 1990                     ×                           ×    ×    ×    ×    ×                   
  Rotterdam 2003               ×                           ×    ×    ×    ×    ×    ×    ×    ×    ×
  AE-PCOS Society 2006         ×                           ×    ×    ×    ×    ×    ×    ×    ×    

The most common ultrasound definition of a polycystic ovary image, which is included in the Rotterdam criteria, is based on the results obtained by, among others, Jonard et al. who have determined the diagnostic threshold of the number of ovarian follicles using the ROC curve analysis^([@CIT0015])^. In order to specify ultrasonographic criteria concerning the number of ovarian follicles in PCOS, Jonard et al. compared 112 healthy controls with a group of 214 patients with PCOS. All patients were examined with a transvaginal probe using the two-dimensional technique. The number of follicles measuring 2--9 mm was assessed between the 2nd and 7th day of the cycle. The study revealed a significantly higher mean number of ovarian follicles in PCOS patients compared with the controls (15.5 and 6.0, respectively). The ROC curve analysis demonstrated that the number of 12 follicles measuring 2--9 mm was the best border that differentiated the features of PCOS with the sensitivity of 99% and specificity of 75%. Furthermore, the number of ovarian follicles was also assessed in relation to their diameter in both groups. In this case, no significant differences were found between the groups when analyzing follicles measuring 6--9 mm. However, patients with PCOS presented significantly more follicles with a diameter of 2--5 mm^([@CIT0015])^. Dewailly et al. (2011) and Lujan et al. (2013) compared the ovarian structure in patients with PCOS and in controls, and specified diagnostic thresholds for follicle count at ≥19 and ≥26, respectively^([@CIT0026],\ [@CIT0027])^ The conflicting results of both studies can result from the selection of controls. In the study of Dewailly et al., women with sonographic features of PCO but without diagnosed PCOS were excluded from the control group, whereas Lujan et al. did not use this exclusion criterion.

Interestingly, statistically significant differences have been found when examining different ethnic groups. The results of studies conducted on the European or American population (Caucasian race) with high-frequency transvaginal probes revealed that the diagnostic threshold of the follicle number for PCOS women is about 25^([@CIT0026],\ [@CIT0028])^. These results are different from the ones obtained in Asian patients. The results of studies conducted by Chen et al. among Chinese women and by Köşüş et al. among Turkish patients indicate lower values (8 and 12, respectively) ^([@CIT0029],\ [@CIT0030])^. Such discrepancies between populations can result from ethnic differences. The difficulties in the diagnosis of sonographic features of PCO are confirmed by studies conducted on the general population of women of childbearing age. The results of studies by Lujan et al. and Deb et al., published in 2013 and conducted among regularly menstruating women without sings of hyperandrogenism, prove that there are more than 12 ovarian follicles in most women, particularly younger than 30^([@CIT0027],\ [@CIT0031])^. That is why, after over 10 years of establishing the Rotterdam criteria, it is emphasized that new ultrasonographic norms are needed in order to diagnose polycystic ovaries^([@CIT0030])^.

The differences in the number of ovarian follicles and PCO diagnostic norms can result from various methods of measuring, reporting and counting follicles^([@CIT0018],\ [@CIT0028])^. The publication of Broekmans et al. from 2010 contains recommendations concerning the standardization of the simultaneous examination and assessment of the number of follicles within the ovary^([@CIT0018])^. The authors suggest that a scan of an ovary should be performed in two planes in order to specify its margins. Subsequently, the diameters of the largest follicles (above 10 mm) should be measured, preferably in the longitudinal section, followed by the measurement of smaller follicles (2--9 mm in diameter). Balen et al. have a different approach. They suggest that the number of follicles should be assessed in numerous planes only if there is no dominating follicle^([@CIT0028])^.

The assessment of the number of follicles in the same ovary conducted by different examiners gives controversial results^([@CIT0020],\ [@CIT0032])^. In their prospective study, Lujan et al. prove that the results concerning ovarian follicle counts in PCOS patients differ when examinations are conducted by different examiners^([@CIT0033])^. Jayaprakasan et al., however, report high agreement of the results in women without PCOS^([@CIT0021])^. The causes of a better correlation of the results in healthy women could be the lower number of follicles, their slightly greater diameters and arrangement which is not as dense as in PCOS patients. The variability in the assessment of the number of ovarian follicles over the years also results from the considerable improvement of the quality of spatial resolution in imaging. Dewailly et al. have demonstrated that the application of high-frequency transducers considerably facilitates the detection of smaller ovarian follicles irrespective of the patient\'s age. Therefore, the authors recommend the usage of probes with the frequency greater than 8 MHz^([@CIT0024])^.

Size of an ovary in the assessment of its polycystic morphology {#S0002}
===============================================================

The results of various studies indicate that increased ovarian volume is one of PCO features^([@CIT0028],\ [@CIT0033])^. Technical volume assessment seems less problematic than the assessment of the follicle number. Since the ovarian surface is irregular, the measurement of its volume as an elongated ellipsoid is only approximate ([Fig. 1](#F0001){ref-type="fig"}). To make such an assessment, the ovary should be visualized and measured in all three planes (longitudinal, sagittal and transverse). Currently available ultrasound systems enable the assessment of ovarian volume by marking the outlines and calculating the result using appropriate software. Ovarian volume is traditionally calculated with a formula for an elongated ellipsoid (π/6 × the highest size in each of the three planes). Since π/6 = 0.5233, it is possible to use a simplified formula for elongated ellipsoid volume (0.5 × the highest size in the longitudinal, sagittal and transverse view)^([@CIT0029])^. Volume assessment is included in the Rotterdam criteria in which the recommended threshold value is ≥10 ml. Several studies conducted after the Rotterdam consensus revealed considerably lower threshold values ranging from 6.4 to 7.5 ml^([@CIT0029],\ [@CIT0030],\ [@CIT0033])^. These differences can depend on the characteristics of the study population, particularly the ethnic factors, overweight or obesity and serum insulin level, which has been demonstrated by Carmina et al.^([@CIT0034])^ Ovarian volume changes over time. The highest values are observed in adolescents (1.3--3.8 years after menarche). Subsequently, this parameter gradually decreases to intensify considerably after menopause^([@CIT0028])^. Pavlik et al. have conducted the ultrasonographic assessment of ovarian volume in six age groups: \<30, 30--39, 40--49, 50--59, 60--69 and ≥70 years of age, and obtained the following results: 6.6, 6.1, 4.8, 2.6, 2.1 and 1.8 ml, respectively^([@CIT0035])^. The available studies indicate that ovarian volume does not change much between the age of 20 and 39^([@CIT0027],\ [@CIT0036])^. The results presented prove that there are natural, agerelated changes in ovarian volume, which should be taken into account when diagnosing PCO in adolescents and women older than 40 years of age.

![Ovary with typical polycystic morphology, expressed as peripheral arrangement of multiple ovarian follicles with a diameter of 7 mm](JoU-2015-0038-g001){#F0001}

Three-dimensional ultrasound is a recognized diagnostic modality to assess ovarian volume. The mean volume in patients with PCOS ranges from 10.6 and 16.7 ml whereas healthy women present values ranging from 5.2 and 8.7^([@CIT0023],\ [@CIT0035])^. The comparison of ovarian volume measured in two- and three-dimensional images has been the subject of numerous studies. However, the presented outcomes indicate conflicting results^([@CIT0019],\ [@CIT0023],\ [@CIT0035])^. This could be caused by non-uniform technical standardization of examinations and different interpretation by different ultrasonographers.

It is believed that the assessment of ovarian volume belongs to the diagnostic criteria of PCO. However, it is characterized by a lower sensitivity compared with the assessment of ovarian follicles. The usage of such assessment is then recommended particularly when the visualization of the ovaries is difficult or it is not possible to conduct an examination with a transvaginal probe^([@CIT0028])^.

Other parameters used in the assessment of PCO {#S0003}
==============================================

Vascularization of ovarian stroma {#S20004}
---------------------------------

Three-dimensional sonography enables the assessment of the volume of the ovary and ovarian follicles. Using the difference between these two parameters, the volume of the ovarian stroma can be assessed. Fulghesu et al. demonstrate the usage of stromal volume to ovarian volume ratio as a diagnostic feature of PCOS that correlates with androgen concentration^([@CIT0036])^. However, stromal volume is a variable that is strictly correlated with the volume of the entire ovary. That is why, its assessment is of little use in clinical practice.

Increased ovarian volume not only correlates with increased stromal volume, but also with its increased vascularization ([Fig. 2](#F0002){ref-type="fig"} and [3](#F0003){ref-type="fig"}). However, studies that compare the intensity of vascularization using two- and threedimensional imaging techniques among patients with features of PCOS and healthy women indicate contradicting results^([@CIT0027],\ [@CIT0037])^. Such discrepancies can result from the lack of the standardization of measurement methods and examinations conducted in small and diversified populations. Currently, because of non-uniform results and the lack of differentiating limit values, the assessment of stromal vascularization is not clinically used in the diagnosis of PCOS.

![Ovary with increased stromal volume and peripherally arranged follicles. Arrow -- ovarian stroma](JoU-2015-0038-g002){#F0002}

![Assessment of the vascularization of the ovarian stroma using the color Doppler technique; numerous vessels with ordered arrangement](JoU-2015-0038-g003){#F0003}

Anti-Müllerian hormone as a marker of polycystic ovaries {#S20005}
--------------------------------------------------------

Anti-Müllerian hormone (AMH) is produced in granular cells in the follicular phase and participates in the early follicle recruitment process. AMH secretion is continued until follicles grow to a diameter of 8 mm. The secretion is negligible in larger follicles^([@CIT0038])^. There is then a good correlation between AMH levels and the number of small follicles as well as ovarian volume. The results of published studies indicate that the level of AMH is higher in patients with PCOS, which can be helpful in the diagnosis in this syndrome^([@CIT0028],\ [@CIT0039],\ [@CIT0040])^. Moreover, it has also been shown that there is a correlation between higher AMH concentration, rare menstruation and hyperandrogenism^([@CIT0038])^. However, due to the usage of various methods to analyze plasma AMH levels, it is difficult to compare previous studies and specify diagnostic norms that would be characterized by high sensitivity and specificity for patients with the features of PCO^([@CIT0028],\ [@CIT0038])^.

Role of sonographic assessment of polycystic ovaries {#S0006}
====================================================

Currently, the sonographic assessment of ovaries is one of the obligatory criteria in the diagnosis of PCOS according to the Rotterdam consensus (2003) and Androgen Excess & PCOS Society (2006)^([@CIT0011]--[@CIT0013])^. However, because of the presence of ultrasound features of PCO in healthy women, the inclusion of this sign to the diagnostic criteria of polycystic ovary syndrome is still questioned^([@CIT0028])^. On the other hand, the available publications prove that PCO can be hereditary^([@CIT0041])^. It has also been confirmed that the coexistence of polycystic ovaries with PCOS is common (over 90% of cases) irrespective of ethnic factors or race^([@CIT0007],\ [@CIT0028])^. The excess of ovarian follicles in this syndrome is strictly associated with hyperandrogenism, which has been demonstrated by Dewailly et al.^([@CIT0042])^ The authors of this publication also prove that there is a correlation between the presence of PCO features, increased AMH levels and ovulation disorders in patients with PCOS. That is why, the assessment of the features of PCO and increased AMH levels can be useful in the diagnosis of oligoovulation in PCOS patients^([@CIT0043],\ [@CIT0044])^.

The sonographic features of PCO, as included in the Rotterdam criteria, are currently identified in 50% of the general population of women^([@CIT0028])^. Considering the results of studies, it has been shown that the presence of PCO features in healthy women of child-bearing age is not associated with significant metabolic disturbances, but a slight increase in AMH and androgen levels, compared with women with the normal ovarian structure, can be observed^([@CIT0043])^. The presence of PCO in the population of adolescent patients frequently coexists with menstrual disorders and acne. However, these symptoms are not sufficient to diagnose PCOS. However, the polycystic ovarian structure in this age group can be indicative of PCOS in further life. These patients should therefore be monitored clinically and sonographically, and the AMH levels should be controlled. The available studies on the commonness of sonographic signs of PCO have yielded conflicting results. On the one hand, they attest to the heterogeneity of phenotypes in completely healthy and normally ovulating women and in those with mild occult PCOS^([@CIT0044])^. On the other hand, they reveal the homogeneity of the female population with PCO features as a mild form of polycystic ovary syndrome^([@CIT0045])^.

To conclude, it must be emphasized that the influence of the development of new technologies in the sonographic assessment of PCO features is undoubtedly noticeable. This process has caused an increase in the percentage of diagnoses of PCO and PCOS since the Rotterdam criteria were published. It is therefore needed to prepare new commonly accepted diagnostic norms concerning the number of ovarian follicles and the standardization of the technique in which they are counted. However, the application of new examination techniques does not entail the need for the modification of diagnostic norms concerning ovarian volume, which are characterized by lower sensitivity compared with ovarian follicle count. Attention is paid to the need of determining diagnostic norms depending on patients' age and ethnic origin in individual populations of women. The assessment of AMH levels as an equivalent of ultrasound features of PCO is a promising method. However, analytic methods have to be standardized in order to establish commonly accepted diagnostic norms. That is why, further studies, conducted on appropriately selected populations of women, are needed to investigate this non-uniform disease entity.
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